INTRODUCTION
The most conservative way to modify the color of teeth is the use of a bleaching procedure. The most frequently used bleaching techniques are "power bleaching" (in-office) and "at-home bleaching". Power bleaching utilizes a high concentration of bleaching agent (30-35% hydrogen peroxide) administered in a dental office setting. On the other hand, at-home bleaching employs the use of low concentrations of The degree of color change, rebound effect and sensitivity of bleached teeth associated with at-home and power bleaching techniques: A randomized clinical trial office then continued at-home using a home bleaching technique. [3] Regression of tooth whitening resulting from dental bleaching is a phenomenon that occurs following bleaching procedures. [4] It was thought that the initial whitening of the tooth color may be due to enamel dehydration. [5] In a, randomized clinical trial, Matis et al. [6] showed a rebound effect associated with 10% and 15% concentrations of carbamide peroxide gels.
Giachetti et al. [7] showed no clinically significant regression of bleaching efficacy with at-home and in-office bleaching techniques producing satisfactory and long-lasting bleaching results.
Post-treatment sensitivity is usually related to small microscopic enamel defects and subsurface pores, which allow the whitening agent to penetrate into the dental tubules and ultimately the pulp, causing reversible pulpitis and consequent teeth thermal sensitivity, but not causing permanent damage to the pulp. These responses are correlated with the peroxide concentration, time, frequency of gel application and pulp temperature rise after light activation. [8, 9] Schulte et al. [10] found that sensitivity was severe enough to cause 14% of patients to discontinue bleaching treatments.
However, dentin exposure may be a factor in tooth sensitivity as it is often misdiagnosed as not being present. [11] However, other researchers [12] have correlated the incidence and severity of thermal sensitivity with gingival recession and the frequency of treatments, but not the actual duration, of the treatment. [13] The purpose of the present randomized clinical trial was to evaluate the color change, rebound effect and sensitivity of at-home bleaching with 15% carbamide peroxide and power bleaching with 38% hydrogen peroxide.
The null hypothesis of this study was that there was no difference between two dental bleaching methods regarding the (1) degree and (2) durability of the resultant whitening of the treated teeth and (3) both bleaching methods are identical in terms of post-treatment sensitivity at different time intervals after bleaching.
MATERIALS AND METHODS
Using a patient selection method from a study by Ontiveros and Paravina, [14] 20 individuals (eight men and 12 women) in good general and dental health and ages between 18 and 55 years with an anterior teeth shade mean of 2M2 or darker (Vita 3D Master, Vitapan Classical, VITA Zahnfabrik, Bad Säckingen, Germany) were included in the study.
Prospective candidates with active caries, periodontal disease, orthodontic treatment or teeth with previous hypersensitivity, tetracycline staining and fluorosis related-discoloration were excluded from the study. All participants were given a brief explanation about the investigation and all consented to participate and signed a consent form approved by the Committee on Ethics in Research, University of Mashhad Medical Sciences. This single blind randomized clinical trial was registered at: http://www.IRCT.ir with an identification number IRCT201104236267N1.
Prior to the start of the study, the degree of tooth sensitivity of each participant was evaluated using the visual analog scale (VAS). Each person described the degree of discomfort in response to the application of air sprayed from a dental syringe at a pressure about 45-60 psi and held 2 mm away from middle-third of facial surface of the anterior teeth in each arch for 3 s. The teeth on the opposite arch were isolated from the air flow during testing using the operator's finger and cotton rolls.
At the same time shades of the teeth were determined within the standardized lightness, chroma and hue (LCH) color space by an operator experienced in color evaluation using a visual shade matching system. (Vita 3D Master). First, the lightness (L) of the teeth was assessed by selecting the closest match from one of five value groups. Next, chroma (C) was assessed. Finally, hue (H) was selected by determining if the tooth was more reddish or more yellowish than the shade sample selected. Shade assessments were made under constant light conditions. In addition, tooth shades of the upper and lower front teeth were determined in the LCH color space using a Vita Easyshade spectrophotometer. This allowed images that were not affected by visual perception, office lighting or time of day. The device is capable of instantly measuring a broad range of 45 shades, including three bleached, 26 Vitapan 3D Master and 16 Vita classical shades.
Participants were enrolled in a split mouth study design.
For this purpose, a block randomization schedule was used for the arch assignments according to the type of bleaching treatment to be employed. The schedule was prepared in advance and recorded on 20 reference cards. Each card had a chart that consisted of two versions. One version assigned at-home bleaching for maxillary anterior teeth and power bleaching for mandibular anterior teeth. In the other version, the treatment assignment was reversed (at-home bleaching assigned to mandibular anterior teeth and power bleaching for maxillary anterior teeth).
Each of the 20 subjects selected a card at the treatment appointment. The color examiner was blinded to treatment group assignment throughout the study. It was not possible for the participants to be blinded.
Study casts were fabricated for each patient then the facial surfaces of the teeth were blocked out at a distance of approximately 0.5 mm coronal to the gingival margins. Customized at-home bleaching trays were then fabricated using a vacuum-formed process. Participants were instructed in the use of dispensed gel (Opalescence 15%, Ultradent, South Jordan, UT, USA). At night, for a period of 4 h/day, during a contiguous 2 week period according to the manufacturers' recommendations.
Upon completion of the at-home bleaching phase of the study, participants were recalled to perform the in-office power bleaching procedure of the opposing dental arch. The gingival tissue adjacent to the teeth to be bleached was isolated using a light-cured resin (Bleach mask Light Cure, Bydental, Maltinti, Italy). A 38% hydrogen peroxide gel (BY WHITE XTRA 38%, Bydental, Maltinti, Italy) was used in three 15-min applications and activated by light emitting diode (LED) curing system (Sky Light Easy, Bydental, Maltinti, Italy). [15] This light source consists of a matrix of LEDs with a wave length of 465 nm and power of 8 W with 12 high intensity diodes. The power bleaching gel was refreshed every 15 min during a 45 min application period. The post-bleaching sensitivity of both arches was evaluated using the VAS. Post-bleaching shade determination of both jaws was done 2 h following the power bleaching as mentioned previously. Participants were asked to restrict smoking or drinking beverages such as wine, tea or coffee during the study.
Participants were followed at 2 weeks, then at 1, 3 and 6 month intervals. At each interval, tooth shade determinations and tooth hypersensitivity were made following the same protocol that was conducted at the baseline. Figure 1 is a schematic view of color change in tested teeth.
Bleaching effectiveness (∆E 1 = the difference between baseline and immediate color assessment) and the rebound effect (∆E 2 = the difference between immediate and when the color rebound happened) and color difference between rebounded tooth color and unbleached teeth (∆E 3 ) were estimated.
Statistical analyses
It should be mentioned that even though the data was quantitative the Kolmogorov-Smirnov test failed to show the normality of the data. As a result, dealing with data in this study was in two respects; inferential and descriptive in nature. This means that the inferential aspect derived from hypotheses of study resulted in the nonparametric statistical analyses [ Figure 2 ] being used for data comparisons and while, mean and standard deviations of data just described the ∆E [ Table 1 ].
The difference between the bleaching methods immediately after bleaching, then at 2 weeks, 1 month, 3 month and 6 month follow-up periods was compared using the Mann-Whitney test. Between groups, the bleaching effectiveness (∆E 1 ) and rebound effect (∆E 2 ) and ΔE 3 were compared using 
RESULTS
Eight participants from the power bleaching phase and six from the at-home bleaching phase complained about tooth sensitivity after treatment. Two of them experienced sensitivity after both treatment methods. Three participants were dissatisfied with the taste of the at-home bleaching agent. Nonetheless, all were able to complete the bleaching intervals successfully.
It should be noted that there was no significant difference between both bleaching methods immediately after bleaching, or at the 2 week, 1 month and 3 month follow-up periods. (P > 0.05 Mann-Whitney).
The only statistic significant difference between the two bleaching methods was found in ∆E 2 (P = 0.001 < 0.05, Mann-Whitney) and at the 6 months follow-up period suggesting that the rebound effect in power bleaching method was significantly faster than that of at-home bleaching after 6 months.
In both groups, there was no significant difference between ∆E 1 and ∆E 3 (home bleach = 0.59 > 0.05 and office bleach = 0.069 > 0.05 Wilcoxon).
The Chi-square test showed that post-treatment sensitivity was identical (P > 0.05) for both methods [ Figure 3 ].
DISCUSSION
The aim of this clinical trial was to address practitioner concerns regarding the efficacy, longevity and degree of hypersensitivity of bleached teeth after in-office vital bleaching compared with at-home bleaching techniques. This clinical trial was designed to evaluate the color change and rebound effect of at-home bleaching and power bleaching and to compare the two techniques within a maximum of 6 months after bleaching. The degree of tooth hypersensitivity after bleaching was also evaluated. It was hypothesized that both techniques would be the same regarding these clinical issues.
In this single blind study, only one examiner who measured the color after bleaching protocol was blinded to the experimental conditions.
The CIELAB [16] system was used to measurement of color difference in bleached teeth. This system is a 3D uniform color space with equal distances corresponding to equally perceived color differences. This system has three axes: The L* axis represents lightness and extends from 0 (black) to 100 (white); and a* and b* represent the redness-greenness and yellowness-blueness axis, respectively. When a* and b* coordinates approach zero, the colors become neutral. The spectrophotometer was considered more reliable by Matis et al. [17] because this method is more objective and sensible than a visual scale and photos. ΔE is the color difference between two objects and can be calculated within the CIELAB color system. [16] The naked eye is able to distinguish color differences if the ΔE value is more than 3.3. [18] Based on the CIE* L a* b* system the results of this study showed that both treatment groups significantly lightened the teeth because ∆E 1 (Bleaching effectiveness) showed values more than 3.3 with power bleach (6.9337 ± 2.59) as well as with at-home bleach (7.1244 ± 3.32).
Results showed that there was no significant difference between groups regarding the degree of whitening (∆E 1 ). Therefore, the first null hypothesis of this study stating that the "degree of bleached teeth in both groups are statistically the same," was accepted. Indeed, both protocols were effective in promoting tooth bleaching. This finding is in agreement with one previous study carried out by Almeida et al. [19] who compared the effectiveness of at-home and in-office bleaching techniques. They found no statistical difference between both methods regarding the degree of teeth whitening.
As stated in the statistical analysis of this study, there was no significant difference between both methods regarding regression of the whitening immediately after bleaching and at the 2 week, 1 month and 3 month follow-up periods. For this reason, the values of ΔE 2 represented in Table 1 relates only to the 6 month time interval. A comparison between groups in terms of color regression showed a value significantly less than 3.3 for at-home bleaching (∆E 2 = 0.5368) compared with the power bleach technique (∆E 2 = 3.3560). Hence, the second null hypothesis of the study stating "having an identical durability of the whitening in treated teeth" for power bleaching was not accepted, while it was accepted for at-home bleaching because this technique showed a ∆E 2 = 0.5368 ± 1.34 < 3.3. This means that the color regression was as negligible as it could be detected by the naked eye. Furthermore, this finding could support a hypothesis that has been accepted by a previous study stating "light could produce an initial effect that is not sustained for a long time. [20] Regarding efficacy and longevity, there is a positive correlation between the rebounding of mineral density of the tooth and the degree of lightening. Using the at-home bleaching technique, the teeth receive a continual application of hydrogen peroxide during which the demineralization and remineralization processes interact. [4] While in power bleaching, the color regression is primarily a result of the reversal of whitening which is due to just the remineralization process. [21] Furthermore, power bleaching can have a dehydration effect on bleached teeth, which interferes with the evaluation of the color differences. In the present study, in order to decrease the consequences of whitening such as dehydration of teeth, the color evaluation of bleached teeth was done 2 h after the completion of the bleaching procedure rather than immediately thereafter. Even though, this time is insufficient for complete rehydration of the bleached teeth there is a limitation on delaying the color evaluation any longer because the regression of whitening might occur and interfere with the true results in terms of the degree of whitening and color regression. This procedure also has already been described by Li et al. [4] Bizhang, et al., [22] Marson, et al. [23] concluded that the at-home bleaching and in-office bleaching techniques were equally effective at the 3 months interval time after bleaching. The result of these studies could support the findings at the 3 months post-treatment time interval of the present study. However, the post-treatment evaluation period of these two studies were very short, which made it difficult to detect any loss of whitening.
Bernardon, et al. [24] found no difference in the bleaching result with regard to sensitivity and durability at the 6 month post-treatment interval. They used at-home bleaching with 10% carbamide peroxide versus in-office bleaching using 35% hydrogen peroxide activated with a LED/diode laser for two sessions each week for 2 weeks. The result of Brandon's study is in contrast with the present findings regarding rebound effect. This difference could be probably due to either the mode of light activation or the frequency of power bleaching that was performed in that study.
As for color difference between rebounded tooth color and unbleached teeth; (∆E 3 ), the values (5.6848 ± 2.34) and (6.9507 ± 3.18) resulted from power bleaching and at-home bleaching respectively, with no significant difference between them. This means that the whitened teeth showed an identical color relapse after 6 months. While, evaluating within groups showed no significant difference between ∆E 1 and ∆E 3 in this respect. This indicates that the amount of teeth whitening and the relapse to the initial color (baseline color) were also statistically equal for both groups.
According to the findings of the longevity of vital bleaching, we found that the longevity of both types is a maximum of 6 months; while in contrast to the results of the present study, Swift et al. [25] showed that satisfactory results persist for 1-2 years and patient should be advised regarding the need for re-bleaching procedures for 1 week every year. In that study, color evaluation was using only a Vita 3D Master shade guide that was not quantitative.
Post-treatment sensitivity of teeth, results from the penetration of peroxide through the enamel and dentin tubules to the pulp. Cooper et al. [26] claimed that this takes approximately five 15-min to occur. This explains why the color of dentin adjacent to the pulp can be whitened as rapidly as the dentin along the dentinoenamel junction. [27] There was no significant difference between both methods regarding tooth sensitivity. This finding leads to the acceptance of the third null hypothesis of the study.
One previous study demonstrated that sensitivity persisted for up to 4 days after treatment. [28] However, a longer duration of sensitivity up to 39 days has been reported as well. [29, 30] In the present study, the overall percentages of subjects who experienced mild tooth sensitivity after bleaching were 42.9% for the at-home bleaching and 57.1% for power bleaching. This finding is same as the results of previous study carried out by Tavares et al. [31] who found no significant difference between at-home and power bleaching procedures. Kossatz et al. [32] found a range of 50 to 80% of patients experienced post-treatment tooth sensitivity after power bleaching.
Matis et al. [33] showed that the subjects who received three 15-min treatments with light activation expressed less gingival and tooth sensitivity than that was observed with one application of H 2 O 2 within 40 min. In the present study, 38% H 2 O 2 was applied in three 15-min treatments as a preventive strategy.
One of the limitations of this study was to not to test the re-bleaching procedure as well as the efficacy of doing so. A second limitation is related to the interval time between the 3 and 6 month evaluation intervals. This was very long in comparison with the other time intervals of this study and probably led to the inability to determine the exact time of color regression. As a result, it is not known if color regression occurred between the 3 rd and 4 th month interval or the 4 th and 5 th month interval or the 5 th and 6 th month post-treatment time interval. However, it is statistically clear that in-office bleached teeth reverted back to the original color sooner than at-home bleached teeth. The specific time when this occurred in this study could not be determined beyond that it was between the 3 rd and 6 th month time interval. However, it is important to note that after 6 months there was no trace of the whitening effect produced by either the at-home or in-office bleaching methods. On the other hand, in-office bleaching seems to achieve satisfactory results when more than one bleaching session is performed according to the findings of Gottardi et al. [34] who found no statistical difference in color rebound between 6 months and 2 years. Further study is required to address the limitations of the present study.
CONCLUSION
Within the limits of this study, it was determined that the degree of whitening was the same for both power bleaching in a dental office setting and the at-home bleaching technique. There was no difference in color regression between at-home and power bleaching at the 2 week, 1 month and 3 month follow-up periods. Regression of the whitening effect occurred after 6 months. Regression was more rapid with power bleaching than with home bleaching. As for the matter of post-treatment sensitivity, both bleaching methods are clinically identical at different time intervals.
